Abstract：In this study, a theoretical ecosystem model is applied to discuss a 27 stability of plant using linear and nonlinear methods. Two common linear methods are 28 employed to analyze a linear stability of plant through judging the positive or negative 29 of eigenvalues (Lyapunov method), and solving a linear singular vector (LSV). To 30 explore the nonlinear stability of plant, a conditional nonlinear optimal perturbation 31 (CNOP) approach is used. The CNOP, which is a type of initial perturbation, could 32 cause the nonlinearly most unstable for an equilibrium state. The CNOP is a nonlinear 33 development of the LSV which is the rapidest initial perturbation with a linear 34 framework. The numerical results show that two linear stable equilibrium states (plant 35 and desert) with the linear methods are nonlinear unstable with the CNOP method. 36 When there is large enough magnitude of initial perturbation, the linear stable plant 37 (desert) equilibrium state will be evolved into desert (plant) equilibrium state using 38 the CNOP-type initial perturbation. This character disappears using the LSV-type 39 initial perturbation. The above results are effective for two types of plant, namely 40 grasslands and trees. Through analyzing the nonlinear dynamics of the theoretical 41 model, it is found that the nonlinear interaction between plant and water play more 42 important role to a transitions between two equilibriums states than the evaporation 43 and the plant losses expressed by linear terms in the theoretical model. The findings 44 could be exhibited by using the nonlinear method (the CNOP method), but fail by 45 using the linear methods. 46 47 48 49 50 51 52 53 54 55
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In this study, to explore the linear and nonlinear stability of nonspatial plant, the 120 space derivatives are set to zero. So, the below theoretical model is analyzed
122 123 2.2 Conditional nonlinear optimal perturbation method (CNOP) 124 To determine whether the nonlinearly stability or instability of the plant or not, 125 the conditional nonlinear optimal perturbation approaches related to initial errors 126 (CNOP) are applied (Mu et al., 2003 (Mu et al., , 2004 . The CNOP method is introduced below 127 for the convenience of the reader. 128 The target problem can be represented in following ordinary or partial 129 differential equation: contains the initial values of the state variables; M  represents the propagator of the 133 ordinary or partial differential equations from the initial time 0 to  ; and U  is a 134 solution of the ordinary or partial differential equations at time  that satisfies
be the solutions of the ordinary or eigenvalues. The final one is the linearly unstable grassland or tree equilibrium 184 state. Figure 1 shows the equilibrium states and stability analysis for different 185 water inputs within grassland or tree. grassland is larger than that for the tree. The above results also hint that the tree is 211 more stable than the grassland. 
Discussions 214
To analyze the dynamics of plant due to two types of initial perturbations, the 215 nonlinear model (Eq. 8) and linear model (Eq. 9) of initial perturbation are showed for 216 the Eq. 3.
w w w w n n wn t n w w n n wn mn t (Figure 4d ). For the desert as the 257 reference state (a=0.2), the effects of the nonlinear term (0.012) and two linear terms 258 (0.012 and 0.011) due to the CNOP are identical. As the change of time, the variation 259 extent of the nonlinear term (0.011) is greater those of two linear terms (0.003 and 260 0.010) (Figure 4e ). The variation extent of the linear term of interaction between 261 water and plant is always smaller than those of the linear terms of evaporation and 262 plant biomass loss caused by the LSV (Figure 4f ). For the two desert equilibrium 263 states, the effect of the nonlinear term results in enough water to plant growing, and 264 the desert equilibrium states are finally transformed into the grassland and tree 265 equilibrium states. However, the effect of the linear term results in deficient water to 266 Nonlin. Processes Geophys. Discuss., https://doi.org/10.5194/npg-2018-36 Manuscript under review for journal Nonlin. Processes Geophys. 
